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[57) ABSTRACT

A chitosan-glycerol-water gel or gel-like membrane,
useful as a carrier for medicaments to be applied to

- wounds, 1s prepared by dissolving chitosan in an acid-

water-glycerol solution, which when neutralized, forms
a gel upon standing.
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1
CHITOSAN-GLYCEROL-WATER GEL

This invention relates to a chitosan carrier in wound
care and to a process for its formation from a solution of 5
chitosan in a glycerol-water-acid solution by neutraliz-
-ing said chitosan solution.

BACKGROUND OF THE INVENTION

For application of various substances to wounds, it is 10

desirable to find a carrier material which is relatively
mexpensive, is easily applied to the wound, is a good
carrier for medicaments to be applied to the wound, is
biodegradable, and is relatively free from any adverse
effect on the various aspects of the complex wound
healing process. The chitosan gel of the present inven-
tion meets these stringent requirements. The chitosan
gel may also be obtained and used in the form of a
gel-like membrane for the purposes of the present in-
vention.
- Chitosan i1s a relatively inexpensive commercially
available matenal. It is derived from chitin, an insoluble
linear polymer of N-acetylglucosamine, found in the
hard shells of crustaceans e.g., shrimp, lobster, crab,
which are treated to remove extraneous material.

Chitosan is derived from chitin by removal of a pro-
portion of the N-acetyl groups which renders it soluble
in many acids, including certain dilute organic acids,
such as formic, acetic and propionic acids. Both chitin
and chitosan have been used for a variety of purposes,
usually as powders, in solution or membranes in the
form of viscoses analogous to cellulose viscose. How-

ever, these forms are not readily usable for the purpose
- described above.

SUMMARY OF THE INVENTION

It has now been found that a gel, or gel-like mem-
brane, which meets the above requirements for use on
wounds can be easily made from chitosan dissolved in
‘an acid-water-glycerol solution which is then neutral-
1zed with a base. The resultant neutral solution unex-
~pectedly turns into a gel upon standing. If a thin layer of
- the acid-water-glycerol-chitosan solution is used, upon
- neutralization, a gel-like membrane is formed.

The chitosan starting material is preferably used in 45
finely powdered form, so that it will dissolve easier in
the solvent solution. The concentration of chitosan can
be about 1-4%, with 1% being preferred. |

The acid to be used in the solvent solution can be any
pharmaceutically acceptable acid in which chitosan is 50
soluble, with the preferred acids being acetic, formic
and propionic acid, and acetic acid the most preferred.

- The glycerol (1,2,3-propanetriol) which is used can
be present in a2 wide range or proportion of 10-90% of
the acid-water-glycerol solution, but to obtain good 55
-gel-like consistency requires that a concentration of at
least 50% of glycerol be used. Thus the lesser propor-
tions of glycerol are useful when a gel-like membrane is
destred, but if at least 50% glycerol is used either a gel
or a gel-hke membrane can be obtained.

The base which is used to neutralize the acid-
glycerol-water-chitosan solution can be any pharma-
ceutically acceptable base, e.g., sodium hydroxide, am-
‘monium hydroxide or potassium hydroxide ammonia
are typical and illustrative of suitable bases. However,
NaOH 1s the preferred base when a gel is desired. When
~a gel-like membrane is desired, exposure to ammonia
vapor is preferred. |
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2

The chitosan-containing gels or gel-like membranes
of the present invention are excellent carriers for vari-
ous medicaments, such as antibacterial agents e.g., silver
sulfadiazine, quaterary ammonium agents, 1odophors,
vasodilators such as epinephrine, ketanserin, com-
pounds which promote wound healing, analgesics, anti-
inflammatory agents and the many other medicaments
which are customarily applied to wounds in such a
manner. The gels apparently remain relatively stable
and retain their three dimensional structures for long
periods of time over wide variation in temperature e.g.,
from 4° to 40° C., and are suitable for pharmaceutical

‘use. They can be sterilized by irradiation.

The following examples are intended to illustrate, but
not to limit, the present invention.

EXAMPLE 1—CHITOSAN-GLYCEROL-ACETIC
-~ ACID-GEL |

1% glacial acetic acid solution and glycerol was mixed
In a ratio of 1 part of said acetic acid solution to 3 parts
of glycerol to form a solvent. One gram (1 g) chitosan
(in finely powdered form) was dissolved in 100 m] of the
aforesaid solvent by stirring with a magnetic stirrer at
room temperature for 1-2 hours to form a clear pale

yellow solution. The solution was neutralized by adding
SN NaOH until pH 7 was reached. Immediately a clear

- shghtly tacky gel formed. The gel, which apparently

results from the interaction of chitosan, glycerol and
water, has a three dimensional structure, and no free
water or glycerol 1s apparent.

EXAMPLE 2—CHITOSAN-GYCEROL-ACETIC
- ACID-GEL-LIKE MEMBRANE

Following the procedure described in Example 1 the
clear pale yellow solution of chitosan was poured into a
petri dish to form a thin layer. The thin layer was neu-
tralized by exposure to ammonia vapor, thereby form-
Ing a clear gel-like membrane.

EXAMPLE 3—ADDITION OF MEDICAMENT

The gel of Example 1 and the gel-like membrane of
Example 2 are excellent carriers for any medicament

‘which 1s customarily administered in those forms e.g.,

antibacterial agents, e.g., silver sulfadiazine, quaterary
ammonium agents, iodophors, vasodilators such as epi-
nephrine, Kketanserin, compounds which promote
wound healing, analgesics, anti-inflammatory agents
and the like. These medicaments can be added to the
acid-water-glycerol-chitosan solution prior to neutral-
ization with the base. Thus if 10% povidone-iodine is
added to the acid-water glycerol solution of chitosan of
Example 1 or Example 2 before neutralization with the
base, the gel or gel-like membrane which is obtained
upon neutralization will have the antibacterial proper-
ties of a 10% povidone iodine preparation.

‘The chitosan gel of Example 1 was tested for its effect
on wound healing by being placed on excised wounds in
guinea pigs, which were then covered with an occlusive
dressing and an adhesive bandage. The wound was
examined at 5 and 8 days with the following results:
Normal healing occurred with no sign of cytotoxicity
or inflammation.

What is claimed is:

1. A gel or gel-like membrane consisting essentially of
water, chitosan and glycerol, and having a 3-dimen-
stonal gel structure. |

2. The gel of claim 1, in a clear form and wherein the

~amount of chitosan present is from 1-4%, the amount of
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3 4
glycerol present is 50-90%, and the pH of the gel is 1-49%, the amount of glycerol present 1s 10-90%, and
about pH /. . . . : the pH of the gel-like membrane s about pH 7.
3. The gel of claim 2, which also contains a medica-

ment 5. The gel-like membrane of claim 4, which also con-

4. The gel-like membrane of claim 1, in a clear form 5 tains a medicament.

and wherein the amount of chitosan present 1s from I T I I

10

15

20

25

30

35

40

45

50

55

60

65



	Front Page
	Claims
	Specification

